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(54) ELECTRODE FOR FUEL CELL AND ITS MANUFACTURE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solid 
high-polymer fuel cell that can increase the 
reaction area inside the electrodes and exert 
relatively high performance by sufficiently and 
uniformly abutting a solid high polymer 
electrolyte on a catalyst in relation to a fuel cell 
provided with a solid high polymer electrolyte 
film and a pair of electrodes catching the solid 
high polymer electrolyte film and each having a 
catalyst reaction layer. 
SOLUTION: This fuel cell is composed by 
employing electrodes each using a material 
having a diffusion layer of hydrogen ions on each 
surface of catalyst particles 3 or carriers of the 
catalyst particles 3. In particular, a silane 
compound containing a hydrogen ion dissociating 

functional group is chemically adsorbed on each of the surfaces of the catalyst 
fine particles or the catalyst carriers of a catalyst layer, and thereby, hydrogen ion 
channels are also formed in the catalyst inside the fine holes of the electrodes, so 
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that the solid high- polymer type fuel cell capable of increasing reaction areas 
inside the electrodes and exerting high discharging performance is realized. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] It is the electrode for fuel cells characterized by said electrode having 
the diffusion layer of a hydrogen ion on the front face of the support of a catalyst 
particle or said catalyst particle in the fuel cell possessing the solid-state 
polyelectrolyte film and the electrode of the pair which has the catalytic-reaction 
layer which sandwiched said solid-state polyelectrolyte film. 

[Claim 2] The electrode for fuel cells according to claim 1 characterized by forming 
the diffusion layer of a hydrogen ion in the front face of the support of a catalyst 
particle or said catalyst particle by joining a silane compound chemically. 
[Claim 3] The electrode for fuel cells according to claim 1 characterized by having 
embellished the organic compound with a basic functional group on the front face 
of the support of a catalyst particle or said catalyst particle, and forming the 
diffusion layer of a hydrogen ion in it with said organic compound and solid 
electrolyte of hydrogen ion conductivity. 

[Claim 4] A basic functional group is an electrode for fuel cells according to claim 
3 characterized by having a nitrogen atom with an unshared electron pair. 
[Claim 5] The organic compound with a basic functional group is an electrode for 
fuel cells according to claim 2 or 3 characterized by being a silane compound. 
[Claim 6] A silane compound is an electrode for fuel cells according to claim 2 or 5 
characterized by having the functional group which can dissociate a hydrogen ion, 
[Claim 7] A silane compound is an electrode for fuel cells according to claim 2, 5, 
or 6 characterized by the thing of a hydrocarbon chain or a fluorocarbon chain for 
which it has a kind at least. 

[Claim 8] The electrode for fuel cells according to claim 2, 5, 6, or 7 characterized 
by carrying out the chemical bond of a carbon particle or a carbon fiber, and the 
silane compound through at least one functional group chosen from a phenolic 
hydroxyl group, a carboxyl group, a lactone radical, a carbonyl group, a quinone 
radical, or an anhydrous carboxylic acid. 

[Claim 9] At least one sort of charges of jointed material chosen from a catalyst 
particle, catalyst support, a carbon particle, or a carbon fiber by being immersed in 
the solvent containing a silane compound After making the front face of said 
charge of jointed material carry out chemisorption of the silane compound, by 
performing the chemical bond of the front face of said charge of jointed material, 
and the silicon atom in the molecule of said silane compound The manufacture 
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approach of the electrode for fuel cells according to claim 1, 2, 3. 4, or 5 
characterized by forming the diffusion layer of a hydrogen ion. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is related with the electrode which is the component of a 

polyelectrolyte mold fuel cell, and its manufacturing method. 

[0002] 

[Description of the Prior Art] In the electrode which is the component of a 
polyelectrolyte mold fuel cell, the size of the area of the so-called three-phase 
zone which the pore used as the supply way of reactant gas, the solid-state 
polyelectrolyte of hydrogen ion conductivity, and the electrode material that is an 
electronic conductor form is one of the important factors which influence the 
discharge engine performance of a cell. 

[0003] In order to increase this three-phase zone conventionally, the attempt 
which gives the layer which carried out mixed distribution of an electrode material 
and the solid-state polyelectrolyte to the interface of the film and a porous 
electrode has been made. For example, with the technique given in JP.62-611 18,B 
and JP,62-611 19,B, the mixture of the solution which distributed the solid-state 
polyelectrolyte. and a catalyst compound is applied on a solid-state poly 
membrane, and after carrying out a hotpress to an electrode material, the 
approach of returning a catalyst compound or the method of plastering after 
reduction and performing a hotpress is proposed. 

[0004] Moreover, in JP.2-48632,B, after casting a porous electrode, the solution 
which distributed ion-exchange-membrane resin on the electrode is sprinkled, and 
the approach of carrying out the hotpress of this electrode and ion exchange 
membrane is proposed. Furthermore, in the powder which covered the solid-state 
polyelectrolyte with JP,3-184266,A on the macromolecule resin front face, and 
JP,3-2951 72.A, the approach of mixing the powder of a solid-state polyelectrolyte 
in an electrode is proposed. Moreover, in JP.5-36418,A, the approach of mixing a 
fluororesin with a solid-state polyelectrolyte, a catalyst, and carbon powder, 
forming, and using as an electrode is proposed. With the above technique, alcohols 
are used as a solution for forming a solid-state polyelectrolyte within an electrode. 

[0005] moreover, with the technique of a publication, to U.S. Pat. No. 5211984 The 
solution which distributed a solid-state polyelectrolyte, a catalyst, and carbon 
powder in the shape of ink to this is created by using a glycerol or a 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_eije 



2004/06/1 1 



2/13 ^— V 



tetrabutylammonium salt as a solvent. After casting this on the film made from 
polytetrafluoroethylene (henceforth PTFE), The approach of imprinting on a solid- 
state polyelectrolyte film front face and the method of permuting the exchange 
group of the solid-state polyelectrolyte film by Na mold, applying the 
aforementioned ink-like dispersion liquid to the front face of the film, carrying out 
stoving above 1 25 degrees C, and permuting an exchange group by H mold again 
are reported. 

[0006] On the other hand, in order to realize high power density which is the 
description of a polymer electrolyte fuel cell, the supply way (gas channel) of 
reactant gas is formed in an electrode catalyst bed, and it becomes important to 
raise transparency and diffusing power of gas. Then, repellents, such as a 
fluororesin, were added to the electrode catalyst bed, and the attempt which forms 
a gas channel has been made. For example, with the technique given in JP,5- 
3641 8,A, the approach of distributing and kneading PTFE powder and the carbon 
powder which supported the catalyst at a solid-state polyelectrolyte solution, and 
producing a catalyst bed is proposed. Moreover, with the technique of a 
publication, the electrode is proposed by JP,4-264367,A using the mixed liquor of 
the carbon powder and the colloid liquid of PTFE which supported the catalyst. 
[0007] Furthermore, by J.EIectroanal.Chem.197 No. (1986) 195 pages, the carbon 
powder given a water-repellent finish by PTFE and the carbon powder which 
supported the catalyst are mixed, and the gas diffusion electrode for the acid 
electrolytic solutions is proposed. On the other hand, in U.S. Pat. No. 5211984. 
producing the catalyst bed of an electrode only with a solid-state polyelectrolyte. a 
catalyst, and carbon powder, without using the above repellents is proposed. 
[0008] 

[Problem(s) to be Solved by the Invention] However, if the carbon powder which 
supported the catalyst in the solution which distributed the solid-state 
polyelectrolyte, and water repellents, such as a fluororesin. or the carbon powder 
given a water-repellent finish is added to coincidence, many solid-state 
polyelectrolytes will stick to water repellent or the carbon powder given a water- 
repellent finish. At this time, only that part changed into the condition with the 
uneven contact degree of a solid-state polyelectrolyte and a catalyst, and it had 
the fault that reaction area sufficient by the interface of an electrode and ion 
exchange membrane was not securable as a result. 

[0009] Moreover, when the dispersion liquid using the solvent of alcohols were 
applied on the porosity substrate, or when the above-mentioned ink-like dispersion 
liquid were applied on a porosity substrate, since dispersion liquid invade or 
penetrated inside a substrate, it could not cast into a substrate surface part 
directly, but complicated processing techniques, such as an imprint, were needed 
for it. Furthermore, the complicated manufacturing technology which permutes a 
membranous exchange group repeatedly was needed for the film front face given in 
the above by the approach of applying ink-like dispersion liquid directly. Moreover, 
by the addition approach of the above-mentioned fluororesin. the catalyst particle 
was covered with the fluororesin too much, reaction area decreased, and it had the 
fault that a polarization property fell. 

[0010] On the other hand, when the carbon powder of a publication given a water- 



http://wv\w4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_eije 



2004/06/1 1 



3/13^— V 



repellent finish by PTFE like a technique was used for the above-mentioned 
J.EIectroanal.Chem.197 No. (1986) 195 page, the phenomenon in which surely a 
catalyst particle will be covered with PTFE was able to be controlled. However, 
examination of the existence of addition of the carbon powder given a water- 
repellent finish at the time of using a solid-state polyelectrolyte and the 
effectiveness by that rate of addition was not performed to this proposal. 
Furthermore, when the so-called flooding phenomenon happened and this drove 
the cell with high current density with the generation water which will be generated 
within a fuel cell if an electrode is produced with the carbon powder and solid- 
state polyelectrolyte which supported the catalyst, it had the fault that the 
electrical potential difference of a cell became low and became unstable. 
[001 1] This invention solves the above-mentioned technical problem, and by 
making homogeneity contact, the reaction area inside an electrode is increased 
and it aims a solid-state polyelectrolyte and a catalyst at enough and offering the 
manufacture approach of a polymer electrolyte fuel cell of demonstrating the 
higher engine performance. 

[0012] Moreover, also when a hydrogen ion channel and a gas channel are formed, 
the gas penetrability of an electrode is raised and a cell is driven with high current 
density, without adding a fluororesin and covering a catalyst too much, it aims at 
offering the manufacture approach of a polymer electrolyte fuel cell of 
demonstrating the high engine performance. 
[0013] 

[Means for Solving the Problem] In order to solve the above technical problem, in 
the fuel cell with which the electrode for fuel cells of this invention possesses the 
solid-state polyelectrolyte film and the electrode of the pair which has the 
catalytic-reaction layer into which said solid-state polyelectrolyte film was 
inserted, said electrode is characterized by having the diffusion layer of a hydrogen 
ion on the front face of the support of a catalyst particle or said catalyst particle. 
[0014] At this time, it is effective to have formed the diffusion layer of a hydrogen 
ion in the front face of the support of a catalyst particle or said catalyst particle 
by joining a silane compound chemically. 

[001 5] Moreover, it is effective to have embellished the organic compound with a 
basic functional group on the front face of the support of a catalyst particle or said 
catalyst particle, and to have formed the diffusion layer of a hydrogen ion in it with 
said organic compound and solid electrolyte of hydrogen ion conductivity. 
[001 6] As for a basic functional group, at this time, it is effective to have a 
nitrogen atom with an unshared electron pair. 

[0017] Moreover, as for the organic compound with a basic functional group, it is 
effective that it is a silane compound. 

[0018] As for a silane compound, at this time, it is desirable to have the functional 
group which can dissociate a hydrogen ion. 

[0019] Moreover, a silane compound has the desirable thing of a hydrocarbon chain 
or a fluorocarbon chain for which it has a kind at least. 

[0020] Moreover, it is effective to have carried out the chemical bond of a carbon 
particle or a carbon fiber, and the silane compound through at least one functional 
group chosen from a phenolic hydroxyl group, a carboxyl group, a lactone radical, a 
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carbonyl group, a quinone radical, or an anhydrous carboxylic acid. 
[0021] Moreover, the manufacture approach of the electrode for fuel cells of this 
invention At least one sort of charges of jointed material chosen from a catalyst 
particle, catalyst support, a carbon particle, or a carbon fiber by being immersed in 
the solvent containing a silane compound After making the front face of said 
charge of jointed material carry out chemisorption of the silane compound, it is 
characterized by forming the diffusion layer of a hydrogen ion by performing the 
chemical bond of the front face of said charge of jointed material, and the silicon 
atom in the molecule of said silane compound. 
[0022] 

[Embodiment of the Invention] The hydrolysis nature machine of a silane 
compound is hydrolyzed with the moisture in a solution or air, and the adsorption 
moisture on the front face of a catalyst on the front face of the carbon material 
which is the support of a catalyst surface of metal or a catalyst. At this time, the 
aforementioned hydrolysis nature machine can change to an activity silanol group 
(**SiOH), can react with the oxide of a catalyst surface of metal, and the 
functional group on the front face of a carbon material, and can form firm 
association. A catalyst front face can be made to cover a hydrogen ion conductive 
layer in the shape of a single molecule by giving hydrogen ion dissociative 
functional groups, such as a sulfone radical and a carboxyl group, to this silane 
compound. And it becomes possible by covering this to a catalyst metal and a 
carbon carrier to form a single molecule-like hydrogen ion channel. A single 
molecule can be controlled from several nm to dozens of nm. 
[0023] Generally, a polyelectrolyte shows gas supply ability for the electrode 
reaction of a fuel cell with the depth sufficient [ the divisor of lOOnm ]. Therefore, 
the polyelectrolyte layer in this invention can maintain sufficient gas solubility, 
covers a catalyst front face like [ at the time of using the PTFE dispersion particle 
of the submicron order currently used from the former ], and does not bar supply 
of reactant gas. 

[0024] The situation of the cross section of the electrode for fuel cells which is 
the example of this invention was shown in drawing 1 . In drawing 1 , since 
homogeneity is made to adsorb a polyelectrolyte layer to catalyst powder as 
mentioned above, it becomes possible to change into the condition of having stuck 
the particle 3. the carbon impalpable powder 4, and the polyelectrolyte 5 of a 
catalyst mutually at homogeneity, inside the catalyst bed 2 of an electrode 1 . 
[0025] The gas channel 7 which the hole between carbon powder 4 used as the 
supply way of oxidizing agent gas, such as fuel gas, such as hydrogen, or oxygen, 
forms by the configuration of such a catalyst bed 2, the hydrogen ion channel 8 
which the polyelectrolyte layer 5 forms, and three channels of the electronic 
channel 6 which both carbon impalpable powder connects and forms can form 
efficiently very near the interior of the same catalyst bed. Nine in drawing is a 
gaseous diffusion layer, and 10 is the solid-state polyelectrolyte film. 
[0026] At this time, it is [0027] in a hydrogen pole and an oxygen pole, 
respectively. 
[Formula 1] 
H2 - 2H* + 2e" 
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[0028] 
[Formula 2] 

-I-Q2 + 2H"' + 2 e" - H2O 

[0029] It comes out and the shown reaction starts. If the electrode shown in 
drawin g 1 is used at this time, supply of hydrogen and oxygen gas and transfer of a 
hydrogen ion and an electron will be smoothly [ that it is simultaneous and ] wide 
range, and will be performed, a reaction rate and reaction area will increase, and it 
will become possible to realize the polymer electrolyte fuel cell which 
demonstrates the higher discharge engine performance. [0030] Furthermore, since 
the size of a single molecule is sufficiently small, the polyelectrolyte molecule of 
hundreds of nm order currently used conventionally can cover the catalyst inside 
the pore to which it was not able to stick. For this reason, a hydrogen ion channel 
can be formed also in the catalyst inside pore, and it can be made to contribute to 
a reaction. 

[0031] At this time, the water repellence of a giant-molecule layer can be further 
raised by giving a hydrocarbon chain to a silane compound by being able to raise 
the water repellence of a giant-molecule layer, and giving a fluorocarbon chain. 
[0032] Moreover, when the end of a silane compound is permuted by -S03H, - 
COOH radical, etc. and a hydrophilic property is raised, the water holding capacity 
of an electrode improves, for example, a fuel cell is operated by the low current 
consistency, an electrode maintains fixed water holding capacity also at the case 
where there is little generation water, or actuation, with the air of low 
humidification, and the high engine performance is obtained. And when water 
repellence is raised, a fuel cell is operated with high current density, the gaseous 
diffusion capacity of an electrode improves also to the case where there is much 
generation water, or actuation, with the air of high humidification, and the high 
engine performance is obtained. 

[0033] Moreover, as shown in drawin g 2 , a hydrogen ion channel can be formed in 
a catalyst front face using a water-repellent silane compound with hydrogen ion 
dissociative a functional group and a hydrocarbon chain, and a gas channel can 
also be formed in a catalyst front face using a still stronger water-repellent silane 
compound with a fluorocarbon chain. If it is with this, it will become possible to 
realize the polymer electrolyte fuel cell in which a higher polarization property is 
shown in a high current density region. In addition, by covering a water-repellent 
silane compound with a fluorocarbon chain to the carbon powder which is not 
supporting the catalyst, the water-repellent monomolecular layer 1 1 can be 
formed, and the gas channel 7 can be formed, without reducing catalyst surface 
area. 

[0034] Furthermore, by mixing a polyelectrolyte like "Nafion solution [ by the U.S. 
Aldrich chemical company ]" currently used from before with the polyelectrolyte 
layer used with the above configuration, from the catalyst inside pore to an 
electrolyte membrane front face, the continuous hydrogen ion channel can be 
formed, reaction area is large and a highly efficient electrode with small internal 
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resistance can be realized. 

[0035] Moreover, the hydrolysis nature machine of a silane compound is 
hydrolyzed with the moisture in a solution or air, and the adsorption moisture on 
the front face of a catalyst on the front face of the carbon material which is the 
support of a catalyst surface of metal or a catalyst. At this time, the 
aforementioned hydrolysis nature machine can change to an activity silanol group 
(**SiOHX can react with the oxide of a catalyst surface of metal, and the 
functional group on the front face of a carbon material, and can form firm 
association. If the basic functional group which has the nitrogen atom which has 
unshared electron pairs, such as an amide group and an amine radical, in this silane 
compound is given to an end, the polyelectrolyte and interaction which have acid 
radicals, such as a sulfonic acid, can be occurred. At this time, a spasm 
polyelectrolyte layer can be strongly formed for a polyelectrolyte a top [ a single 
molecule front face ], i.e., the front face of catalyst support near. It enables this to 
form in a catalyst and a catalyst support front face the hydrogen ion channel which 
is a precise hydrogen ion conductive layer. 

[0036] The basicity of the monomolecular layer which covered catalyst support, 
and the acid interaction of a polyelectrolyte depend this effectiveness on having 
made possible the thing of a catalyst metal made for a polyelectrolyte to exist in 
near more. 

[0037] Moreover, it enabled improvement in catalyst effectiveness that the rate 
that a polyelectrolyte exists near the catalyst and covers a catalyst metal 
increases while the hydrogen ion channel which conveys effectively the hydrogen 
ion generated by catalytic reaction was formed. 

[0038] Since the water repellence of a hydrocarbon chain is comparatively weak 
when the principal chain frame of the silane compound which forms a 
monomolecular layer is a hydrocarbon chain, the condition that the whole catalyst 
bed was smeared is taken. This shows that the water holding capacity of an 
electrode improved. That is, a fuel cell is operated by the low current consistency, 
an electrode maintains fixed water holding capacity also at the case where there is 
little generation water, or actuation, with the air of low humidification, and it is 
shown that the high engine performance is obtained. 

[0039] On the other hand, its water repellence is high, and a hydrogen fluoride 
chain forms a monomolecular layer 71 using a silane compound with a hydrogen 
fluoride chain, and as shown in drawing 7 . when what has a hydrogen fluoride chain 
as a polyelectrolyte (for example, the Asahi Glass deflection myon) is used, it can 
form a hydrophobic layer 73 between a monomolecular layer 71 and the 
polyelectrolyte layer 72 according to both water-repellent effectiveness. At this 
time, the water which exists in a hydrophobic layer 73 can maintain the 
effectiveness (flooding depressor effect) which further becomes easy to take out 
produced water out of a system, and humidifies the inside of an electrode in the 
suitable condition according to the water-repellent effectiveness of both the 
above-mentioned layers. 

[0040] Thus, also when a macromolecule mold fuel cell is operated with high 
current density and the case where there is much generation water, and the air of 
high humidification are used, gaseous diffusion capacity sufficient in an electrode 
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can be demonstrated according to this water-repellent effectiveness, and the 
sufficiently high cell engine performance is obtained. 

[0041] Moreover, a gas channel can be formed in a catalyst front face when the 
silane compound which can form a hydrogen ion channel in a catalyst front face, 
and has a hydrogen fluoride chain when a silane compound with a hydrocarbon 
chain is used is used. As mentioned above, by changing the principal chain frame of 
a silane compound, the property of the catalyst bed in an electrode can be doubled 
with a suitable actuation environment, and can be designed, and implementation of 
the macromolecule mold fuel cell which shows a high discharge property is enabled. 

[0042] Hereafter, the fuel cell of this invention is described with reference to a 

drawing. 

[0043] 

[Example] (Example 1) As shown in drawing 3 , the front face of the carbon particle 
4 which supported the catalyst particle 3 which consists of platinum of the shape 
of a particle with a particle size of about Inm - about lOnm 20% of the weight was 
made to carry out the adsorption reaction of the silane compound by 
chemisorption directly in nitrogen-gas-atmosphere mind, and the protective coat 
of the single molecule which consists of a silane compound was formed in it. n- 
hexane which dissolved by 1% of the weight of concentration as a silane compound 
using CH3-(CH2) n-SiCI3 (n is 25 or less positive number or more in ten) with a 
straight chain-like hydrocarbon chain was adjusted, and the carbon powder which 
supported the above-mentioned platinum particle to this was immersed. 
[0044] The natural oxidation film is formed in the front face of the catalyst particle 
3 at this time, and - OH radical and the oxide are contained here. Moreover, that 
to which surface functional groups, such as a phenolic hydroxyl group, a carboxyl 
group, a lactone radical, a carbonyl group, a quinone radical, and an anhydrous 
carboxylic acid, exist in the front face was used for the carbon powder 4. Then, the 
monolayer absorption film 1 2 with a silane compound was formed in the front face 
of the catalyst metal 3, and the front face of a carbon carrier 4 by the thickness of 
about 2nm - about lOnm by carrying out three -SiCI(s), - OH radical, other 
functional groups, an oxide, and a deHCI reaction. Moreover, it was possible by 
changing the molecular weight of a single molecule to have fabricated by the 
thickness of Inm - about lOOnm. 

[0045] In addition, if the radical which has affinity to - OH radical or an oxide as an 
ingredient of chemisorption, for example, **SiCI radical etc.. is included, it will not 
be limited to the silane compound used above. 

[0046] Moreover, as shown in drawing 4 , it is a silane compound containing for 
example, a sulfone radical, a carboxyl group, etc. as a hydrogen ion dissociative 
functional group. SiCI3-(CH2) n-S02CI (n: integer) and SiCI3-(CH2) n-C00CH3 (n: 
integer), This was able to be hydrolyzed and used using SiCI3-(CH2) n-(C6H4)- 
S020I (n: integer). SiGI3-(GH2) n-(C6H4)-COOCH3 (n: integer), etc. By this 
approach, the monomolecular layer 1 3 of hydrogen ion conductivity was formed in 
the catalyst metal 3 and carbon carrier 4 front face. 

[0047] (Example 2) In this example, the silane compound and SiCI3-(CH2)2-CF3 
which contain a fluorine in some straight chain-like hydrocarbon chains were 
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melted and used for the **-like silicone oil (Shin-Etsu Chemical KF994X and the 
water-repellent monomolecular layer 1 1 was formed on the surface of the carbon 
carrier by the same approach as the approach shown in the above-mentioned 
example 1. When such a silane compound was used, the water repellence in an 
electrode could be improved and the gas channel which supplies reactant gas has 
been formed. 

[0048] SiCI3-(CH2)2-(CF2) m-CF3 (m is or more 0 nine or less integer) was also 
able to be used as a silane compound which contains a fluorine in some 
hydrocarbon chains of the shape of **** and a straight chain, 
[0049] (Example 3) In this example, the monomolecular layer 13 of hydrogen ion 
conductivity was formed in the catalyst metal 3 and carbon carrier 4 front face as 
a hydrogen ion dissociative functional group including the sulfone radical by using 
SiCI3-(CH2) n-(CF2) m-S03H (integer of n and m2 to 10) which are the silane 
compound which contains a fluorine in some straight chain-like hydrocarbon 
chains. 

[0050] For example, a sulfone radical, a carboxyl group, etc. are included as **** 
and a hydrogen ion dissociative functional group. Considered as the silane 
compound which contains a fluorine in some straight chain-like hydrocarbon 
chains, SiCI3-(CH2)2-(CF2) m-S02CI (n and m are an integer), SiCI3-(CH2)2- 
(CF2) m-C00CH3 (n and m are an integer). Using SiCI3-(CH2)2-(CF2) m-(C6H4)- 
S02CI (n and m are an integer) and SiCI3-(CH2)2-(CF2) m-(C6H4)-COOCH3 (m is 
an integer), even if it hydrolyzed this, effectiveness was able to be acquired. 
[0051] (Example 1 of a comparison) The carbon impalpable powder 4 which made 
this and the platinum catalyst ultrafine particle 3 with a particle size of Inm - 
about lOnm support 20% of the weight using the "5 % of the weight-Nafion 
solution" by the U.S. Aldrich chemical company for a comparison was created. 
After it mixed this carbon impalpable powder 4 and butanol and the ball mill 
distributed, the electrode 1 which carried out coating and formed the catalyst bed 
2 on carbon paper (the Toray Industries make, TGP-H -120, 360 micrometers of 
thickness) was created. 

[0052] (Evaluation 1 ) As above, the catalyst bed 2 was formed using the electrode 
catalyst powder indicated for the example 1, the example 2, the example 3, and the 
example of a comparison by carrying out coating of this on the carbon paper (the 
Toray Industries make, TGP-H -120, 360 micrometers of thickness) which is the 
gaseous diffusion layer 9, and this was made into the electrode 1 . Thus, the 
produced electrode was arranged on the both sides of the Nafion film (the product 
made from Dupon, Nafioni 12) 10, the hotpress was performed, the electrode- 
electrolyte zygote was produced, and it examined by creating the measurement eel 
of the fuel cell which showed these cells to drawin g 5 . 

[0053] In drawin g 5 , 10 is the solid-state polyelectrolyte film. 14 and 15 are a 
negative electrode and a positive electrode among drawing 5 , respectively. 
Although the addition of a solid-state polyelectrolyte made two poles 1.0 mg/cm2 
per appearance electrode surface product, the equivalent property was acquired in 
the range of 0,1 - 3,0 mg/cm2. Moreover, similarly the addition of platinum was 
made into 0.5 mg/cm2 by the weight per electrode surface product. 
[0054] the negative electrode 1 4 of these cells — hydrogen gas — a positive 
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electrode 1 5 — air — a sink and cell temperature — 80%. 75 degrees C and a fuel 
utilization rate were adjusted so that gas humidification might become 75 degrees 
C about hydrogen gas 30% and might become a 65"degree C dew-point about air in 
an air utilization rate, and the spark test of a cell was performed, 
[0055] The cell created using the approach of examples 1 and 3 and the example 
of a comparison was set to A, B. and X. respectively, the carbon carrier which 
considered processing of an example 2 as the catalyst powder which the example 
1 processed was mixed, and the cell which created the catalyst bed was set to C. 
[0056] The current-voltage characteristic of the cells A. B. C. and X of the 
example of this invention and the example 1 of a comparison was shown in drawin g 
6 . Moreover, the cell voltage when making into 1000 mA/cm2 the current density 
property when setting cell voltage to 850mV which is a reaction rate-limiting field, 
and current density of a cell was shown in Table 1 . 



:0057] 
[Table 1] 




(mA/cm*) 


SQE 

(V) 


A 


48 


0.55 


B 


50 


0.64 


C 


50 


0.66 


X 


9 


0.29 



[0058] In Table 1 . when the current density when setting cell voltage to 850mV 
was seen, compared with the cells C of the example 1 of a comparison being 9 
mA/ cm2. the cells A. B, and C using the electrode of this example maintained 
****** of 48. 50. and 50 mA/cm2. respectively, and were the outstanding 
properties of about 5 times or more compared with the example of a comparison 
about this. I think that this reason is because the electrode of this invention has 
the reaction area of 5 times or more compared with the electrode of the example 
of a comparison. 

[0059] Moreover, in the electrode of this invention, the single molecule of the 
macromolecule which has 1nm - about lOOnm film Atsu was able to be formed. 
Since the size of a single molecule is sufficiently small, the catalyst inside the pore 
which was not able to stick to the polyelectrolyte molecule of hundreds of nm 
order, such as the conventional "Nafion solution" etc.. can be covered, a hydrogen 
ion channel can be formed also in the catalyst inside pore, and I can make it 
contribute to a reaction, and think that high current density was obtained. 
[0060] Moreover, compared with the cell C of the example of a comparison of the 
cell voltage when making current density into 1000 mA/cm2 being 0.29V. as for 
Cells A. B. and C, 0.55, 0.64, 0,66V, and a high value were maintainable, 
respectively. As mentioned above, since the electrode of this invention has a large 
reaction area, this thinks that the high property was acquired as compared with the 
example of a comparison, also when it drives with high current density. 
Furthermore, by Cell B, since the monomolecular layer of hydrogen ion 
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conductivity itself contains a fluorine in some hydrocarbon chains, gas solubility is 
considered that it became possible to improve, the gas supply ability to a catalyst 
improved, and the property in a high current density field improved. Moreover, 
since the catalyst powder to which the monomolecular layer of hydrogen ion 
conductivity which the example 1 processed was made to stick by Cell C, and the 
carbon carrier which made the monomolecular layer containing a fluorine stick to 
some hydrocarbon chains of the shape of a straight chain of an example 2 were 
mixed and the catalyst bed was formed, the gas supply ability in a catalyst bed 
increases further, and I think that the property in a high current density field 
improved. 

[0061] (Example 4) As shown in drawing 8 , the front face of the carbon particle 82 
which supported the catalyst particle 81 which consists of platinum of the shape of 
a particle with a particle size of about Inm - about lOnm 20% of the weight was 
made to carry out the adsorption reaction of the silane compound by 
chemisorption directly in nitrogen-gas-atmosphere mind, and the protective coat 
of the single molecule which consists of a silane compound was formed in it. The 
ethanol solution which dissolved by 1% of the weight of concentration as a silane 
compound using CH3-(CH2) n-Si (OCH3)3 (n is ten or less positive number or 
more in two) with a straight chain-like hydrocarbon chain was adjusted, it was 
immersed and the carbon powder which supported the above-mentioned platinum 
particle to this was heated at 60 degrees C for 1 hour. 

[0062] The natural oxidation film is formed in the front face of the catalyst particle 
81 at this time, and - OH radical and the oxide are contained here. Moreover, that 
to which surface functional groups, such as a phenolic hydroxyl group, a carboxyl 
group, a lactone radical, a carbonyl group, a quinone radical, and an anhydrous 
carboxylic acid, exist in the front face was used for the carbon powder 82. Then, 
the monolayer absorption film 83 with a silane compound was formed in the front 
face of the catalyst metal 81, and the front face of a carbon carrier 82 by the 
thickness of about 2nm - about lOnm by carrying out three -Si (OCH3X - OH 
radical, other functional groups, an oxide, and a dealcoholization reaction. 
Moreover, it was possible by changing the molecular weight of a single molecule to 
have fabricated by the thickness of Inm - about lOOnm. 

[0063] In addition, if the radical which has affinity to - OH radical or an oxide as an 
ingredient of chemisorption, for example, **Si, (0CH3), **Si (OC2H5) radical, etc. 
are included, it will not be limited to the silane compound used above. 
[0064] Moreover, as shown in drawing 7 . Si(OCH3)3-(CH2) n-NH2 (n is ten or less 
integer or more in two) which is a silane compound containing an amine radical as 
a basic functional group with the nitrogen atom which has an unshared electron 
pair was used. The monomolecular layer 83 was formed in carbon powder 82 front 
face by this approach. The hydrogen ion channel which forms the polyelectrolyte 
layer 84 precisely a catalyst metal and near the carbon carrier front face so that a 
monomolecular layer 83 may be covered, and furthermore performs hydrogen ion 
transportation effectively according to an operation of an end basic group was 
formed. 

[0065] As a basic functional group which has the nitrogen atom which has an 
unshared electron pair in this example For example. Si(OCH3)3-(CH2) n-NH2 (n) 
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which is a silane compound containing an amide group or an amine radical It is ten 
or less integer and Si(OCH3)3-(CH2) m-NH-(CH2) n-NH2 (m and n) or more in 
two. They are ten or less integer and Si(OCH3)3-(CH2) n-(C6H4)-NH2 (n) or more 
in two. They are ten or less integer and Si(OCH3)3-(CH2) m-N (CH3)2 (m) or more 
in two. They are ten or less integer and Si(OCH3)3-(CH2) n-(C6H4)-N (CH3)2 (n) 
or more in two. Ten or less integer and Si(OC2H5)3-(CH2) n-N(CH2CH20H) 2 
(CH2) n (n is ten or less integer or more in two) was also able to be used or more 
by two. 

[0066] (Example 5) In this example, it is using Si(OCH3)3-(CH2) n-(CF2) m-NH2 
(integer of n and m2 to 10) as what contains a fluorine in some hydrocarbon chains 
of the straight chain of the silane compound containing an amine radical as a basic 
functional group, and the straight chain formed the monomolecular layer 12 in the 
catalyst metal 3 and carbon carrier 4 front face like the thing of a hydrocarbon. 
[0067] As a silane compound ****(ed) and used as what contains a fluorine in 
some hydrocarbon chains of a straight chain including an amine radical or an amide 
group Si(OCH3)3-(CH2) n-(CF2) m-NH2 (integer of n and m2 to 10), Si(OCH3)3- 
(CH2) m-NH-(CH2) n-(CF2) I-NH2 (integer of n, m, and 12 to 7), Si(OCH3)3-(CH2) 
n-(CF2) m-N2 (integer of n and m2 to 8) (CH3). Si(OCH3)3-(CH2) n-(CF2) m- 
(C6H4)"NH2 (integer of n and m2 to 7), Si(OCH3)3-(CH2) n-(CF2) m-(C6H4)-N 
(CH3)2 (integer of n and m2 to 7) and Si(OC2H5)3-(CH2) n(CF2) m-N 
(CH2CH20H)2 (integer of n and m2 to 7) were also able to be used. 
[0068] (Example 2 of a comparison) The carbon impalpable powder 4 which made 
this and the platinum catalyst ultrafine particle 3 with a particle size of Inm - 
about lOnm support 20% of the weight using the "5 % of the weight-Nafion 
solution" by the U.S. Aldrich chemical company for a comparison was created. 
After it mixed this carbon impalpable powder 4 and butanol and the ball mill 
distributed, the electrode 1 which carried out coating and formed the catalyst bed 
2 on carbon paper (the Toray Industries make, TGP-H -1 20, 360 micrometers of 
thickness) was created. 

[0069] (Evaluation 2) As above, the catalyst bed was formed using the electrode 
catalyst powder indicated for the example 4, the example 5, and the example 2 of a 
comparison by carrying out coating of this on the carbon paper (the Toray 
Industries make, TGP-H -120, 360 micrometers of thickness) which is a gaseous 
diffusion layer, and this was made into the electrode. Thus, the produced electrode 
was arranged on the both sides of the Nafion film (the product made from Dupon, 
Nafion112) 10, the hotpress was performed, the electrode-electrolyte zygote was 
produced, and it examined by creating the measurement eel of the fuel cell which 
showed these cells to drawing 4 . 

[0070] the negative electrode 1 4 of these cells — hydrogen gas — a positive 
electrode 15 — air — a sink and cell temperature — 80%, 75 degrees 0 and a fuel 
utilization rate were adjusted so that gas humidification might become 75 degrees 
C about hydrogen gas 30% and might become a 65-degree C dew-point about air in 
an air utilization rate, and the spark test of a cell was performed. 
[0071] The cell created using the electrode created in examples 4 and 5 and the 
example 2 of a comparison was set to D (hydrocarbon chain type), E (hydrogen 
fluoride chain type), and Y (non-surface treatment mold), respectively. 
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[0072] The current-voltage characteristic of the cells D, E, and Y of the example 
of this invention and the example of a comparison was shown in drawin g 9 . 
Moreover, the cell voltage when making drive current density of a cell into 300 
mA/cm2 which is low current consistencies, and 700 mA/cm2 which is high 
current density was shown in Table 2. 
[0073] 



[Table 2] 






i=300mA/cm^ 


i=700mA/cm* 


D 


770 


670 


E 


750 


690 


Y 


700 


600 



[0074] In Table 2, the cells D and E using the electrode of this invention have 
checked that a cell property became high as compared with the example Y of a 
comparison. 

[0075] If the electrode of this invention is compared with the electrode proposed 
from the former which is an example of a comparison, although the amount of 
polyelectrolytes and the amount of platinum catalysts which are contained in an 
electrode are comparable That the property of Cells D and E improved from Cell Y 
A silane compound with a basic group covers a catalyst support front face, a 
monomolecular layer is formed, and this monomolecular layer thinks further that it 
is because more efficient hydrogen ion exchange was enabled by forming a precise 
polyelectrolyte layer near the catalyst support. 

[0076] Moreover, in Table 2, the difference in the principal chain frame of a silane 
compound checked influencing a cell property. That is, when the drive current of a 
cell was high, especially the effectiveness of the cell by the electrode using the 
silane compound with which especially the effectiveness has a hydrophobic, 
powerful hydrogen fluoride chain greatly when the cell by the electrode using the 
silane compound which has a hydrocarbon chain with comparatively weak 
hydrophobicity has the low drive current of a cell was large. 

[0077] Although surface treatment was performed to the carbon powder which is 
catalyst support in the above example, if it is the catalyst metal which has - OH 
radical and an oxide on a front face, the configuration of this invention can be used 
for the catalyst metal itself. 
[0078] 

[Effect of the Invention] As mentioned above, the electrode of this invention has 
the surface diffusion function of a hydrogen ion in the front face of a catalyst 
particle or catalyst support, and is characterized by adsorbing a functional polymer. 
By making homogeneity by this adsorb a single molecule-like polyelectrolyte layer 
on the carbon front face on which the catalyst surface of metal and the catalyst 
are supported, and forming a hydrogen ion channel also in the catalyst inside pore, 
reaction area increases and it becomes possible to realize the polymer electrolyte 
fuel cell which demonstrates the higher discharge engine performance. 
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[0079] Moreover, by giving a hydrocarbon chain to a silane compound, the 
hydrophilic property of this macromolecule layer can be raised, for example, a fuel 
cell is operated by the low current consistency, an electrode maintains fixed water 
holding capacity also at the case where there is little generation water, or 
actuation, with the air of low humidification. and the high engine performance is 
obtained. 

[0080] Furthermore, by giving a fluorocarbon chain, it becomes possible to raise 
the water repellence of this macromolecule layer, for example, a fuel cell is 
operated with high current density, the gaseous diffusion capacity of an electrode 
improves also to the case where there is much generation water, or actuation, with 
the air of high humidification, and the high engine performance is obtained. 
[0081] Furthermore, since reaction area increases, the amount of the precious 
metal catalyst used used for an electrode catalyst bed can be reduced 
conventionally, and there is also an advantage that the cost reduction 
effectiveness is expectable. 

[0082] Moreover, it is characterized by the electrode of this invention adsorbing 
the functional polymer which has the surface diffusion function of a hydrogen ion in 
the front face of a catalyst particle or catalyst support. This functional polymer 
functions as a polyelectrolyte layer. The monomolecular layer as a functional 
polymer was formed using the silane compound which has a basic functional group 
in this formation. Thus, by the functional polymer with the surface diffusion 
function of a hydrogen ion, a precise polyelectrolyte layer is formed near the 
catalyst by embellishing the front face of catalyst support, and an efficient 
hydrogen ion channel and a gas channel are formed. The macromolecule mold fuel 
cell which demonstrates the high discharge engine performance by this was 
realizable. 

[0083] Moreover, by using efficient hydrogen ion exchange ability, the fall of a 
discharge property was not able to be caused, reduction of the amount of precious 
metal catalysts used for an electrode catalyst bed was enabled, and reduction of 
cost was able to be aimed at. 

[0084] Furthermore, the wettability of an electrode was controllable by choosing 
the skeletal structure of the silane compound which carries out surface 
qualification. Thereby, the optimal electrode catalyst for the drive conditions of a 
fuel cell was able to be created. 



[Translation done.] 
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fi>f^^t!iyyy\\:^il^Xh^. S i C 1 3- (CH 
2) n-S02Cl (n: S^) -^^ S i C 1 3- (C 
H2) n-COOCH3 (n : Sic) , S i C 1 3- 

(CH2) n- (C6H4) -S02C1 (n : S 
ic) , SiC13- (CH2) n- (C6H4) -CO 
OCH3 (n -.Sic) ^^fflV\ riX^iD7K5>ft|LTffl 
V^5rt;i5X'tfc„ r«:&fe(cj;(9. 7k^-(';tV#ffitt 

[0 04 7] (*J£0iJ 2 ) **Jg0ijT'f4. K^^^W/^^ 

iC13- (CH2) 2-CF3^, M^'y3 =^>^^ 
(ItSfk^IIIMKFg 9 4) \mt>LXm^\ 

(DmmmiX'mLfz:fomtn^ijmx\ mit^'&(Dw.^i- 

[0 0 4 8] iteSr. %m^<D/>-{ Y^tl—if^ymn-'^ 
i^y-yM^tt^i^yXt-^il^tl-X. SiC13- (C 
H2) 2- (CF2) m-CF3 {mitO U±9 UT(D 

[0 04 9] (njg^ij 3 ) ^mm0>\xii. **-r 

o*-/j< v«(7)-g|5(c7 ym^^t^'yy yit^mxh 

-5. SiCI3- (CH2) n- (CF2) in-S03 
H (n, mf4 2;0^P) 1 OWSic) t J; 9 . 

;J<*Y^^ii«tt©^$)-T-gl 3^)41jiK^Jg3fcJ;OJ^ 
*lfif4c4Sffi{CffMt^c„ 

[0 0 5 0] t£^. Am^:i-ymm\i.'^mmtLx. m 

h'x2 :>]~7nym(r>-mcy ymi:^t^->y yit-^m 

t Lfz. SiC13- (CH2) 2- (CF2) m-S 
02C 1 (n, mJiSic) . SiC13 - (CH2) 2 
- (CF2) m-COOCH3 (n. m{4S^) , S i 
C13- (CH2) 2- (CF2) m- (C6H4) - 
S02C 1 (n. mfiSS) , S i C 1 3- (CH2) 
2- (CF2) m- (C6H4) -COOCH3 (mJ± 

[0 0 5 1 ] iit^m 1 ) Jt|55rofc«)f;:7feBT/l' K V y 
'f- ■ ^=,l3JV^(n" 5a»%-Na f i on^^" ^ 
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*T-0. 5mg/cm2 t LfCo 
10 0 5 4] rtubO^«?&0:ft111 4fC7k*;<f;^2r]E 

[0 0 5 5] llJStSJ 1 , 3 *3 J;t7it$$50iJ©^&^fflV^T 
10 #fiKL/c^«?l!l^^tvmA, BioJ;t/X<!: L, MMm 

[0 0 5 6] 06 {c:^^m<Dmmmm.mtmm 1 ro« 

HIlA, B, Ct3j;05X(Dl;»£-«jEE!|#tt^^^Lfc„ * 
ti. «?&«ffiS:RjS»iS^i®T'fe5 8 5 0 mV t Lfci: 
#»l;»ici^-S#tti:, 1 0 0 OmA/ 

cm2i:L/ci$ <0«?lfa,«jISr^ 1 1-:^^ Lfc„ 
[0 0 5 7] 
[«1] 

tt«^EffiSfc?) 1. 0mg/cm2t Lfcii^ 0. 1*20 









(mA/cm*) 


CV) 


A 


48 


0.55 


B 


50 


0.64 


C 


50 


0.66 


X 


9 


0.29 



^^3t^. 2 0Sl:%fi«f$-ti:fc^«««&*4 *f^/^ 
Ltz. 'ro^^j!g[*&*4i:^i5'/-/ui:^)l^L. 
/w?/w-e5>mLfcm, (^i/ii, TGP- 

H-120. llJP3 6 0,im) ±{C. ^XLM<^S2^ffM 

[0 0 5 2] (fffiiiii) £Ji±oai9. mmmi, mmm 

TGP-H-120, ^ff 3 6 0 um) ^X-r?)^.^: 

LXi^MLtzWM^N a f i o nig (D u p o n®}, N 
a f i o n 1 1 2) 1 0 ©iSSfiiJlCffi LT*: hz^l^^^i: 

5 ^;l^Lfc^!|s|■1t?lilW^alIS■fe/^Srf^^LTKg^Sr^To 

[0 0 5 3] 05 icio^^T. 1 0 amwM^i-mmnm: 

Xh^o 0 5 41, 1 4*5J;tJ5i 5{i-eti€ti:ft^S.t/iE 



[0 0 5 8] gl (C^3^^T, mfkmi±^8 5 OmVi L 
fct tfc|!^0iJl(^«?feCtt9mA 
/cm2-r-fc5<75}ctt;'<. *llffi^JW«ffi*fflV^fca;& 
A, B, Cti. ^tV-€:*tb4 8, 5 0, 5 0mA/cm2 
romS^-^^JfL, rtt*H:|{5^Jtlt-<Si:|?5)5fgy± 

[0 0 5 9] ifc, *^KC0«;ffiT'(4, 1 n m~ 100 
O" Na f i on^lfi" /iifW i 5 'iicWn in;d— 

[0 0 6 0] *fc, 0 0 0mA/cm2i: 

Lfctt(o«?fe®E{i, itigtmommctio. 2 9vx 

h6<Dtti:-<X^ m^kA, B, Cli, ^^^€^^^o. 5 

5. 0. 6 4, 0. 6 6V t. W,\f^mi:m^-t^^t7ii 50 



mm^^tz^mi^i^ti:W^^Lx. mmm^mf&Ltztz 

&mmmmi^iim^m-0\±.Ltzt^A.^o 
[0 0 6 1 ] {mmm4) msiz^Lfzuoiz^ 

1 nm~l Onmm&(r>mi-^(r>&^XiO^£i>^m^f- 

8 1 sr, 2 om*%s}f LfciK*ia^-8 2<D^m\^. a 

:*->K>'^$rfifoCHj- (CH2) n-Si(OCH3), 
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[0 0 6 2] z(Dttmmm.^8 la^mmiat. g^i? 
mk^Wk8 Kogffii. ]^«a«^8 2©*iBt{c. 

i^ro5>^^»Sr^X.5w lnm~10 0nme 

[0 0 6 3] /£io. {l:^5S*(0«^S|-t LT«, -OHK 
^^ft!^{C^LT^^tt^*-t-5S. 0iJxtf=S i (O 
CH3), =S i (OCzHOS^Sr^A/T'V^ttff, ±tBT 

[0 0 6 4] */c. HTfc^LfcJ; ^*^r«^^^?l• 

^r^tfi^^Wh^^^T-feS. Si(OCH3)3- (C 
H2) n-NH2 (n(i. 2 £Jl±T- 1 0 g^TOSI^) 

v^fco ::«^;^ffi(^J;9. ^^i^e 8 a 8 2 g 

T-^ 8 3 J; 0 \zM'^=i-Wmm 8 4 ttiS 

[00 6 5] ^mmmx\-i. ^^^m'Fni:^-r^mm 

^^S^^tfi/yWb^tlT-Sj-S. Si(OCH3)3- (C 
HO n-NH2 (nil, 2 m±T' 1 0 ]ilT<^Sic) . S 

i(OCH3)3- (CHz) tn-NH- (CH2) n-NH 
2 (m. nfi. 2Jit±T-l 01ilT(75Si:) . Si(OCH 
3)3- (CHj) n- (C6H4) -NH2 (nfi, 2Ut± 
T- 1 0 i^JlT©S^) . Si(OCH3)3- (CHO m-N 

(CH3) 2 (m(4. 2«±T-1 OUT(Dmm . S i 
(OCH3)3- (CH2) n- (CeHO -N (CH3) 
2 (n«, 2i^±T'l OfiiTOSS:) . Si(OC2H5)3 

- (CH2) n-N (CH2CH2OH) 2 (CHz) n (n 

2tJl±T-l OetTOSfc) SrfflV^SrttT-tirc^ 
[0 0 6 6] 5 ) **ffi0iJT-»i. ifeSttftg* 

1^<D-UK. y vmi:^tsii<Dt\.X. S i (OCH3)3 

- (CHj) n- (CF2) m-NHj (n, ml,i2i)^h 

io<Dg^) i:m\i^^z.tx\ m-m.t^mtiif.m(Dh<r>t 
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[0 0 6 7] /i*, ^mi-^i^yyit-^mtLX. 

S'**-ttft)«t LT. Si(OCH3)3- (CH2) n 

- (CF2) m-NH2 (n, mti 2 A^f) 1 0 Og^:) . 
Si(OCH3)3- (CH2) m-NH- (CH2) n- 

(CF2) I-NH2 (n, m, \i-i2i)>h7(Dmm . 
S i (OCH3)3- (CH2) n- (CF2) m-N (C 
H3) 2 (n, tn(4 2 75^P)8©Sic) . S i (OCH3)3- 
10 (CH2) n- (CF2) m- (CeHO -NH2 (n, 
ml42/5^P3 7C0S^) , Si(OCH3)3- (CH2) n 

- (CF2) m- (C6H4) -N (CH3) 2 (n, m(i2 
A^h7(Dm^) , Si(OC2H5)3- (CHa) n (C F 
2) m-N (CH2CH2OH) 2 (n. m\t2-f)^h7 (Dm. 

[00 6 8] {ltmi^l2) itm(DtzMc^mT/Uh'V y 
^ • '^5:*/l'ttM<^" 5ai:%-Na f i onmW ?r 
wtl<!:)KSl nm~l 0 nmSSroe^tt^tffiia 

20 Lfco r(0^««gc«&*4 t:/^/-^i-i^^i-&L. jK- 

/I-^/l'T-^)-t!cLfc^. (Kl/S, TGP- 

H-120. ^JS 3 6 0 ;2 m) ±{C, LIttffig 2 SrJgfig 

[0 0 6 9] (wffi2) sx±<Dm'o. mmm4. mmm 
5^xj^itmM2{cw.mLfzmmmmm^^m^\ 

:^:^mWimxh^:^~^y-<-y<~ mi^m. TGP-H-12 
0, MJ¥3 6 0ym) ±(«1, ^X-fS ^ t T-M«iS^Ji^ 

^L. z.iv^mmtLtz. ^(D^oi^Lxi^MLtzmm 

*NafionlK(DuponS. Nafionll 

30 2) 1 o(Dmmi^mLxyi-^-y hyi^:^^n^^mm-mM 
mm-^^^ifmL. ^ixh<Dmmm^m4iz.7jiLtzmm- 
mm(Dm^-t^i^^i^i^Lxnm^n'otzo 
[0 0 7 0] ^nhcomMmnMrni 4i'7iimM^^jE 

8 0%. ^^*ijffl*^3 0%. :tf:^Mmii7iim^^^7 

[00 7 1] mmm 4 , dtsxxj^it^&i 2 -cf^^ Lfc« 

40 E (7 2/{t:*«^M) tJiO^Y (^«ffi^SS) iL 
[00 72] H 9 »c;*:»eq<O^Jg0iJtJ j;OtJtg^fiR|wa:fl& 

(DmmmM^m-^. ^nMm&xh^ 300 mA/c m 

2i:, ««5S^-gT-fe5 7 0 0mA/cm2 t Lfcit 

[0 0 7 3] 
[«2] 
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i =300mA/cm^ 


i=700mA/cm^ 


D 


770 


670 


E 


750 


690 


Y 


700 


600 
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[0 0 7 41 m2iCio^^X. *^B^<D«1i^fflV^fc«?1h, 

[0 0 7 5] *igBjcD«®i:. it^mvh^mMx<om 

^i=-«ft?Kl^ffM-r 5 ^ i T\ it) 
[0 0 7 61 ^2(c^D^^T. 'yyv\\:^m(0±m. 20 

[0 0 7 71 £i±CD^ii0ijT'{i. ftfe^ffl^tCT'fcS)^*)^ 
[0 0 7 81 

mmfo^m u±.(r>i.oK. ^m^mmmt. mw&. 

[0 0 7 91 v-7Wt:^!^t-W Kn;*-/J<i/^ 

/cits r i: Jci oT r (Di^5^i^gW^*ttS-ii5«)-5 

m>xt. mx.iS.mmmM^^mw&mxmiU 
ii^ii^'pt£\>^m^'^mam.(D^%x'(Dwm\^h. mmt^- 

[0 0 8 01 y/\-:t^t)~:if-l^mi:mc^^Z. 

t\^i:'^x^(DW:ii^m<r>mii^'&^'m^^^tti^-^^t 
f£<o. m^^mnmm^Mm^mmx'i^mL. itfigTkTi? 

mM^\«\}iL. m^^^mmhfii>o so 



[0 0 8 11 $ t>tc, K^£^^B«;55i|;)^-f 

tia^xt. ^^hmm^i)mmx^^b\^omM.hh 

So 

[0 0 8 21 *|Se^<75«11«, ftliji^Si^'bL<H 

^y<D^m^^mm^n-^mm\m'^=i-x\ m'm.^<D 
mm^mmi-^ ^ t xmm^mim^tuM^^mmmm 

[0 0 8 31 */c. iii$a*«7k*-r3i-v3^i^tg^fijffl-r 

[0 0 8 41 »^i^mi-i>'yyyit-^^(D-^^ 

[0 21 *IIB^(Dm2«^ite0iJ{C*5(tSaffi(D»fffi*7n 

[031 :^¥^m(Dmi tm2(Dmmmicioii^mi^^m 
Ltzmmmu^h l < iimmts.{^o)Wim^^^ Ltz 

[041 ^mm<Dmi tm2(Dmmmi^tiii^^m^^ 

[0 51 ;^«wro^i. ^2Rv^m3(Dmmm(Dmmi: 
^^^xmf$.LtzmnmnL<r>W:^mmi^^ ttzm 
[0 61 ^^m<Dm\. m2Rum3(Dmmm(Dmmi: 

[0 71 :^mm(Dmi tf^2(Dmm&ncisii?}mmmi^ 

[0 81 :^mm(omitm2(Dmmmictnam^^m 
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1119] f^2<Dmmm(Dmmi:m\^^xm 

1 nM 

2 mmm 

3 mmn'f- 

4 ^mm^ 

5 m^^mmn. 

6 = 
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* 7 

8 7k^-l':tv^■r^/^ 

9 :ff:^ij:mm 

I 0 0«^ffi:J>^^«)^Kl^ 

I I mA(.\i<Dm^^m 

1 2 
1 4 

1 5 lEU 



[HI] 



tttC« 



6 «^3^rl(^iJU 

10 si¥iis»=f-mmKm 




102] 

1 1 a*ttcD*^}-^» 




10 



■V- 

1 



(10) 
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[1341 

3 ttattT 3 

^2 *^^I»5&J1 ^3 ★SH-r^tli^OTttcDJIL^^* 




[06] 





200 400 GOO 800 tOOO 
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[07] 



ims] 



71 ^^f-vtmm 

7 2 «»^««Ht» 
7 3 aTkMI 

7 4 wrtiie^ 

7 5 



8 3 ^^•^BkJBS 
8 4 S^'F^ilSA 



SOaH 





10 91 




100 200 300 400 500 600 700 800 SOO 1000 
«SS«iBE(tnA/cm2) 
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(72) mm^ 'WJW- m 

02)mmm mm -t 
(.72) mm^ 

(72) HH fPi 

(72) wm m 



(72)iiw# ^w- mm 
(72)^m^ 'm 

(72)|§M# 

F^ — A(#%) 4G069 AA03 AA08 BA08A BB08A 

BB08B BC75B BE05A BE32A 
BE34A CC32 EB18Y FA03 
FB13 

5H018 AA06 AS02 BB05 BB12 BB16 
DD05 DD08 EEOl EE05 EEU 
EE16 EE17 EE18 



